1) X-Ray Analysis
Figure S1
. XRD analysis of MAPI powders (a) pure (natural abundance of the isotopes) (b) 13 C, 15 N enriched (20 % abundance).
2)
1 H NMR 
3) Calculation of the second moment M 2
The dipole-dipole interactions in solids can be quantified by the so-called second moment M 2 of the spectrum, which is defined as: yield static linewidths of 45.7 and 75.6 kHz, respectively. In a case of internal rotation around the C-N axis, the second moment is reduced by a factor of F() = ¼ (3cos 2 -1) 2 , with the angle  between the internuclear axis and the axis of motion. 5 With the rotational axis perpendicular to all internuclear vectors the second moment is only reduced by a factor of 4.
In contrast, as shown in Fig. 1b involved in a rotation around the C-N axis, but must also undergo another reorientation with a symmetry axis higher than 2-fold.
4) 1 H T 1 relaxation time

Expression of T 1 relaxation time with separate contributions:
A spin-lattice relaxation time primarily caused by dipole-dipole interactions with other protons can be expressed as follows in BPP formalism:
6,7
With    and r i being the resonance frequency, motional correlation time, proton gyromagnetic ratio and internuclear distances, respectively. In conditions of fast motion limit   >> 1), the equation is then reduced to
Instead, spin-rotational relaxation time for protons can be expressed as:
where I 0 is moment of inertia of the molecule or group, ⊥ and ∥ are spin-rotation tensors describing the coupling of the nuclear and molecular angular momenta along perpendicular and parallel axes. Eq. 6 directly gives the peculiar inverse temperature dependence of the spin-rotational relaxation.
T 1 relaxation time with MAS and in the rotating frame (T 1 ):
As shown in Fig. S5a , when separating the CH 3 and NH 3 contributions from the 1 H NMR spectra using MAS and recording the respective relaxation times we obtained, as expected,
very similar values. This is in an agreement with the considerations made in the main text regarding the behavior of MA-cation as a symmetrical rotor showing no preferential interaction of the CH 3 and NH 3 groups with the inorganic framework. We also note ( Fig.   S5a ), that at the higher temperatures the spinning induces a deviation from the monotonous behavior, which we are presently unable to explain. This is one of the reasons why we chose to measure the relaxation time under stationary conditions. A similar behavior is visible for 13 C T 1 times under MAS conditions (Fig. S6) .
The results on protons spin-lattice relaxation time in the rotating frame T 1 at two spin- Where DD interactions refer primarily to C-H coupling. The full expressions for each of the three mechanisms above in the fast motion limit are given as follows: (Eq. 12)
The equations above assume an axially symmetric situation, i.e. when  Q ≈ 0.0, which is entirely valid for MAPbI 3 , particularly in the cubic phase. We can therefore fit the appreciable temperature dependence observed after phase transition with these equations, and extract a torsional frequency ν t ≈1.15 THz (≈38 cm -1 ).
Expressions for the correlation time of the torsional vibrations
The Bayer theory 12 of spin-lattice relaxation in NQR state that the temperature dependence of the T 1Q can provide an accurate estimate of the correlation time  a of the rotational (torsional)
vibrations. For a nucleus with spin 3/2 there is a single resonance transition that is uniquely described by a single relaxation time. This case has been extensively studied, and numerous experimental confirmations of the theory exist in the literature. 13 For a spin 5/2 nucleus, however, the situation is not as straightforward, since the 2 resonance transitions have 2 different relaxation times, and in a general case the probabilities of transitions are not independent. For such a case, no closed form solution has yet been found. 14 However, if the temperature is not too low (in most situations > 20 K), the relaxation is mainly defined by the transitions |m|=2, and the contribution of transitions with |m|=1 is negligibly small. 12, 14 In a special case of  Q =0 and at sufficiently high temperatures, the expressions for pure NQR spin-lattice relaxation in spin 5/2 nucleus can be written as: (Eq. 15)
